,Most studies concerning the effects of the gas composition of the atmosphere surrounding fruit have been directed toward the response of the combined changes of oxygen (3) is suggested.
,Most studies concerning the effects of the gas composition of the atmosphere surrounding fruit have been directed toward the response of the combined changes of oxygen an(d carbon dioxide. This was a result of the economic need for methods of prolonging the storage life by the use of modified atmospheres at temperatures above those which cause chilling injury. Several studies have been concerned with the effects of decreased oxygen alone. Parija (15) obtained minimum carbon dioxide prodluction by apples at 5 % oxygen. Kidd and WVest (12) found an acceleration of the onset of the climacteric in apples by oxygen tensions higher than in air. Singh et al. (19) reported for mangos a critical oxygen level of 9.2 % below and above which carbon dioxide evolution increased. The studies of Claypool and Allen (6, 7) with apricots, plums, peaches, and pears indicated a decreased rate of CO., output at oxygen tensions below air. For a more comprehensive treatment of this subject the recent review by Biale (3) is suggested.
For the avocado, a fruit which exhibits a climacteric pattern of respiration, it was shown by Biale (2) that low oxygen reduced the respiratory activity during the preclimacteric period andl the (luration of the preclimacteric period was prolonged. Within the range of 2.5 to 21 % oxygen the time required to reach the climacteric peak was extended in proportion to the decrease in oxygen tension and the intensity of respiration at the peak was reduced. No significant stimulation of respiration wvas observed by concentrations of oxygen above 35 %. However, the cumulative carbon dioxide production from the time of picking until the climacteric peak was not changed by the treatment at any level of oxygen. In the case of the banana, another fruit with a climacteric pattern, it was found by Kidd and West ( 11 ) that storage in 2.5 and 5.0 % oxygen did not materially decrease the rate of ripening. On the other hand, Leonard (13) observed a reduction in CO, liberation by fruit stored in oxygen concentrations lower than air and no effect in concentrations higher than air.
Lemons did not exhibit the climacteric pattern of respiration after picking when stored in air or at oxygen tensions below that of air, as shown in the sttudies of Biale and Young (5) . The respiratory 1 Received revised manuscript Dec. 20, 1961. activity under air decreased slightly during storage. Reduction of oxygen in the atmosphere surrounding the fuit reduced the rate of respiration in proportion to the oxygen concentration in the range of 21 to 5 % oxygen. Carbon dioxide evolution increased at oxygen levels below 5 %, indicating the similarity of the behavior of lemons with other fruits characterized by a critical oxygen concentration. The storage life was extended and the (lecomposition of chlorophyll in mature green lemons was delayed by lowered oxygen.
The effect of added carbon dioxide on respiratorv activity of fruits at a particular oxygen concentration has been studied little, largely due to technical difficulties. Limited data are available on the banana. By the use of the katharometer method Gane (9) observed a suppression of the climacteric and reduction of respiratory activity in an atmosphere of 10 % carbon dioxide and 10 % oxygen. Wardlaw (20) subjected unripe bananas to clifferent combinations of oxygen and carbon dioxide. On the basis of gas analysis he concluded that there was a 50 X redluction in rate of respiration over a wide range of 02 and CO2 concentrations as compared with air. His (leterminations were limited to green fruit and iwere done in a closed system in which the gaseous composition could not be kept constant. The use of analytical methods described in the first paper (21) Fruit was put in respiration jars described by Biale and Shepherd (4), and gas mixtures passed continuously as described in paper I of this series (21) . Respiratory activity was measured as ml oxygen absorbed per kg fresh weight per hour. Oxygen uptake was measured on the Model G-2 oxygen analyzer as described previously (21 20 and kept at 15 C throughout the experiment. Figure   1 shows a typical climacteric curve of respiration of avocados under air. The fruit remained hard during the preclimacteric period, which was 4 days for this experiment, started to soften as the respiratory activity increased, and became soft and edible about two days after the peak of respiratory activity. The effect on respiration of adding 5 and 10 % carbon dioxide to air is also shown in figure 1 . As the addition of carbon dioxide reduces the oxygen concentration by dilution, sufficient oxygen was added to these mixtures to maintain the oxygen level at 21 % in all cases. When 21 % oxygen with 5 % carbon dioxide was used, the preclimacteric rate of oxygen uptake was affected only very slightly and the start of the climacteric rise was delayed by only about three days. Thereafter there was a gradual rise to a peak of respiration which was 40 % below the air control and was reached after 21 days compared to 8 days for the air treatment. The peak was followed by a decline and on the 23rd day the fruit were transferred to air. There was no definite increase in oxygen uptake after the transfer, indicating that the climacteric had really occurred and these fruit softened in the normal manner. When fruit was treated with a gas mixture containing 10 % carbon dioxide and 21 % oxygen, there was essentially no change in respiratory activity for 23 days and the rate was the same as that of the initial value of the control. Upon transfer to air there was an increase in respiration, indicating that the climacteric had not occurred under the carbon dioxide treatment but had occurred after transfer to air when the fruit softened normally.
The effect of increased carbon dioxide at the 10 % oxygen level on the respiratory trend of avocados is illustrated in figure 2 . Fruit for this experiment was from the same lot as that used for the experiment in figure 1 . Treatment of 10 % oxygen alone reduced the climacteric peak value to about 65 ml/kg/hr as compared to 85 ml/kg/hr for air, but delayed the peak only very slightly. When 5 % carbon dioxide with 10 % oxygen was used, there was again a very gradual rise in respiratory activity to a peak value of 48 ml/kg/hr on the 21st day, which was the same as the peak value for 21 % 02 with 5 % CO2. The rise after transfer to air was probably due to the fact that one fruit was infected with a fungal rot. It should be noted that the rise in respiration started only about two days after the 10 % oxygen control, but the peak was delayed from 9 days for the control to 21 days for the carbon dioxide treatment. Again 10 % carbon dioxide in 10 % oxygen produced no change from the preclimacteric minimum of the control and showed no change in respiration up to the 23rd day. Ripening was normal after transfer to air. Fruit under all treatments was of good flavor, according to informal taste panels at the end of the storage period. There was some decay, particularly at the stem end of fruits stored under carbon dioxide. We believe this to be a function of the length of storage rather than due to the carbon dioxide treatment itself. In figure 3 the maximum values for all treatments are compared. While the 10 % oxygen treatment reduced oxygen uptake at the climacteric compared to the air control, the peak values for 21 % oxygen with 5 % carbon dioxide and 10 % oxygen with 5 shown in figure 6 . During the first 6 weeks of the experiment the respiratory activity under both treatments was markedly lower than in the air control. After 3 weeks, the rate of respiration in the 10 % oxygen treatment leveled off while the activity of the fruit under 10 % 0, with 10 % CO, actually increased slightly. At 8 weeks, the respiration of the CO2 treated lot exceeded that of the control fruit and remained higher for the final seven weeks of the experiment.
Treatment in atmospheres containing 21 % oxygen with 5 % carbon dioxide and 21 % oxygen with 10 % carbon dioxide showed much more striking stimulation of respiration (fig 7) . For the first 3 weeks oxygen uptake of all samples decreased. Then while the rate of respiration in air continued to decline slowly for the next 21 weeks, both the 5 and 10 % carbon dioxide treatments brought about an increase in respiratory activity, reaching peak values at about nine weeks and declining thereafter, but always remaining above the air control. At the 10th week, the oxygen uptake in the 5 % carbon dioxide treatment was about 31 % above the air control and the 10% carbon dioxide treatment was 50 % above the air control.
Denny (8) was particularly noticeable in experiment C for 10 % carbon dioxide with 10 % oxygen, in which case 35 % of the fruit were yellow and 4 % were still dark green, while under 10 % oxygen with no carbon dioxide all fruit were silver. Abscission or drying of the calyx or button of lemons is used by the citrus industry as an indication of the keeping quality of a sample of fruit. In the experiments listed in table II the buttons were green and normal after 10 weeks storage for all treatments. However, fruit under the same oxygen and CO2 treatments but in the presence of 10 ppm ethylene was yellow after 10 weeks storage. The buttons of the fruit kept in air with ethylene were all dry or had abscised. Approximately 50 % of the buttons wilted or abscised after 10 weeks on fruit treated with ethylene in the presence of 10 % oxygen or in 21 % 02 combined with 5 % CO2. When ethylene was added to 21 or 10 % oxygen with 10 % CO, buttons of essentially all fruit remained healthy for the 10 week period.
Lemons used in experiment C were analyzed for total soluble solids (sugars), total titratable acidity (as citric acid), and for ascorbic acid at the time the 
Discussion
While most fruits respond to reduced oxygen in the atmosphere by reduced respiration and a delay in induction of the climacteric, these data show that avocados, bananas, and lemons each reacted in different ways to the addition of carbon dioxide to the atmosphere surrounding the fruit. Carbon dioxide depressed the rate of respiration in avocados, delayed the induction of the climacteric without affecting the rate of respiration in bananas, and stimulated the respiratory rate of lemons.
Carbon dioxide appeared to have no effect on the rate of respiration of either avocados or bananas prior to the induction of the climacteric rise. Avocados treated with 5 % carbon dioxide at either 21 or 10 % oxygen showed a delay in the onset of the respiratory rise of not more than 2 or 3 days, but the peak activity occurred 12 days after the controls. Five per cent carbon dioxide with 21 % oxygen reduced the peak activity by 40 %, and at the 10 % oxygen level 5 % carbon dioxide reduced the respiratory rate at the peak by 25 %. The actual value of oxygen uptake at the climacteric peak was the same under both treatments.
These data are consistent with the idea that when 10 % oxygen is used with no carbon dioxide added, the rate of respiration is limited by availability of oxygen as an electron acceptor. Experiments dealing with oxygen effects alone reported earlier (2) showed that the rate of respiratory activity of avocados was not changed materially by increasing the concentration of 02 from that in air to 100 %. It is reasonable, therefore, to suggest that when CO2 is added to 21 % oxygen the rate of oxidation is not limited by availability of oxygen as an electron acceptor. Conceivably during the climacteric and not prior to its onset, a different metabolic pathway is superimposed on the basic pathway. This might be accounted for by a CO2 induced inhibitor of the new pathway such as malonate, the inhibitor of the citric acid cycle. Alternatively, the partial reversal of a decarboxylation reaction necessary to permit further dehydrogenase activity could limit the availability of electrons to the electron transport system. In avocados and bananas under 10 % CO2 there was no evidence for a climacteric and we presume that here the new pathway is completely suppressed. If avocados are held much longer than 23 days at 15 C under 21 % oxygen and 10 % CO2, physiological breakdown occurs which suggests that some inhibitor or product has accumulated to the point that normal metabolism can no longer take place.
The rate of respiration of bananas is not affected by the addition of 5 or 10 % carbon dioxide either before or after the climacteric has been induced, but only the time of induction is affected. Low oxygen also appears to delay the induction of the climacteric, but in addition it reduces the pre-climacteric oxygen uptake. Carbon dioxide delayedl the onset of the respiratory rise in the avocado, reduced the rate of oxygen uptake at the climacteric peak and prolonged storage life.
In the banana the induction of the cliniacteric was postponed but the rate of respiration at the peak was unaffected by CO., treatment xvhenever the peak occurred; the suppression of the climacteric pattern and the extension of storage life was particularly pronounced in an atmosphere of 10 % carbon dioxide combined with 10 % oxygen.
Carbon dioxide cause(l an unprecedeinted stimulation of respiration in lemlons. This phenomenon was more striking with 10 than with 5 % CO2 and more in combinations of carbon dioxide with air than with oxygen concentrations below air. There appeared to be an increased utilization of sugars and acids as a result of carbon dioxidle treatment. In general, the life of lemons was prolonged by carbon dioxide, especially at the lower levels of oxygen.
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